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(57) ABSTRACT

A power conversion apparatus includes: a high-voltage cir-
cuit; alow-voltage circuit operating with an operating voltage
lower than that of the high-voltage circuit; and a substrate.
The substrate includes an edge section, portions correspond-
ing to the low-voltage circuit and the high-voltage circuit
formed thereon and a voltage conversion circuit converting a
voltage range of the high-voltage to be capable of operating
by the low-voltage circuit. The substrate is provided with an
insulating area in a periphery of the high-voltage circuit, and
the voltage conversion circuit being provided with an insu-
lating area in a periphery thereof. The insulating area pro-
vided in the periphery of the voltage conversion circuit shares
an area with at least either of the insulating area provided in
the periphery of the high-voltage circuit and the edge section
of the substrate.

17 Claims, 8 Drawing Sheets
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POWER CONVERSION APPARATUS
PROVIDED WITH SUBSTRATE HAVING
INSULATING AREA

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on and claims the benefit of
priorities from earlier Japanese Patent Application No. 2011-
105026 filed May 10, 2911, the descriptions of which are
incorporated herein by reference.

BACKGROUND

1. Technical Field

The present application relates to a power conversion appa-
ratus. More particularly, the present application relates to a
power conversion apparatus provided with a high-voltage
circuit and a low-voltage circuit, in which the high-voltage
circuit includes a power conversion circuit, and the low-
voltage circuit includes a device for operating the power
conversion circuit. The low-voltage circuit operates with a
lower operating voltage than the high-voltage circuit.

2. Description of the Related Art

As this type of power conversion apparatus, for example, as
in JP-A-2010-119274, a power conversion apparatus is pro-
posed in which the voltage between a pair of input terminals
of an inverter connected to a rotating machine as an on-board
main equipment (i.e., a primary source of vehicle driving
torque) is inputted into a control circuit of the inverter. Spe-
cifically, in the power conversion apparatus, by using a wire
harness, a collector terminal of an insulated gate bipolar tran-
sistor (IGBT) on the high-potential side and an emitter termi-
nal of the IGBT on the low-potential side among the IGBTs
configuring the inverter are connected to a substrate that
includes a control circuit.

However, in the above-described power conversion appa-
ratus, the wire harness and the control circuit are connected
with a connector therebetween, on the substrate on which the
control circuit is configured. As a result, the substrate
increases in size.

SUMMARY

According to an aspect of the present application, a novel
power conversion apparatus is provided that is configured to
include a high-voltage circuit and a low-voltage circuit, in
which the high-voltage circuit includes a power conversion
circuit, and the low-voltage circuit includes a means for oper-
ating the power conversion circuit and has a lower operating
voltage than the high-voltage circuit.

According to a first aspect of the present application, the
power conversion apparatus includes a high-voltage circuit
having a power conversion circuit that converts an input volt-
age of the power conversion circuit to a predetermined output
voltage; a low-voltage circuit including a control unit that
controls the power conversion circuit, the low-voltage circuit
operating with an operating voltage lower than an operating
voltage of the high-voltage circuit; a voltage conversion cir-
cuit that converts the input voltage of the power conversion
circuit to be a voltage having a voltage range capable of
operating by the control unit included in the low-voltage
circuit, the voltage conversion circuit being provided with an
insulating area in a periphery thereof; and a substrate pro-
vided with a first area where at least a portion of the high-
voltage circuit is formed thereon, a second area where at least
aportion of the low-voltage circuit is formed thereon, an edge
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section covering a periphery of the substrate and an insulating
area in a periphery of the first area. The insulating area pro-
vided in the periphery of the voltage conversion circuit shares
an area with at least either of the insulating area provided in
the periphery of the first area and the edge section of the
substrate.

Due to the fact that the operating voltage of the high-
voltage circuit differs significantly from that of the low-volt-
age circuit, the potential difference between the high-voltage
circuit and the low-voltage circuit increases. Therefore, for
reasons, such as preventing insulation breakdown, a certain
amount of distance is required to be provided. In addition,
even between high-voltage circuits, a certain amount of dis-
tance is required to be secured between high-voltage circuits
having significant potential difference in accompaniment
with the operation thereof. Therefore, an insulating area is
secured on the substrate. On the other hand, the voltage con-
version circuit is connected to both the low-voltage circuit
and the high-voltage circuit. Therefore, the power conversion
circuit includes sections that require distance from the low-
voltage circuitto be secured and sections that require distance
from other high-voltage circuits to be secured. Here, when the
insulating area in the periphery of such section of the voltage
detection circuit shares an area with the insulating area in the
periphery of another high voltage circuit, the proportion of
the insulating area on the substrate can be reduced.

In addition, circuit elements cannot ordinarily be disposed
in an edge section of the substrate. Therefore, when the insu-
lating area in the periphery of the voltage detection circuit
shares an area with the edge section of the substrate, the
proportion of the insulating area in the substrate can be
reduced.

According to a second aspect of the present application, the
power conversion circuit is connected to a rotary electric
machine serving as a primary source of vehicle driving
torque.

The high-voltage circuit including the power conversion
circuit connected to the primary source of vehicle driving
torque has a significantly greater operating voltage than the
low-voltage circuit including the means for operating the
power conversion circuit. Therefore, the potential difference
is significant between the high-voltage circuit and the low-
voltage circuit, and between high-voltage circuits.

According to a third aspect of the present application, the
high-voltage circuit and the low-voltage circuit communicate
with each other via an insulating means.

When the high-voltage circuit and the low-voltage circuit
communicate via the insulating means, the high-voltage cir-
cuit has a significantly greater operating voltage than the
low-voltage circuit. Therefore, the potential difference is sig-
nificant between the high-voltage circuit and the low-voltage
circuit, and between high-voltage circuits.

According to a fourth aspect of the present application, a
pair of input terminals of the voltage conversion circuit are
formed on the substrate. The pair of input terminals are
formed along at least either of the insulating area in the
periphery of the first area and the edge section.

The operating voltage of the power conversion circuit is
applied to the pair of input terminals. Therefore, the pair of
input terminals are components that require distance from
other circuits to be secured.

According to a fifth aspect of the present application, the
power conversion circuit includes a boost circuit that boosts
voltage at a DC power source and outputs a boosted voltage
and a DC-AC conversion circuit electrically connected
between the boost circuit and a rotary electric machine, con-
verting the boosted voltage to an AC voltage. The voltage
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conversion circuit includes a first voltage conversion circuit
that converts the boosted voltage and a second voltage con-
version circuit that converts the voltage at the DC power
source. Moreover, an input terminal having higher potential
between the pair of input terminals of the first voltage con-
version circuit and an input terminal having higher potential
between the pair of input terminals of the second voltage
conversion circuit are formed along at least either of the
insulating area in the periphery of the first area and the edge
section.

The operating voltage of the power conversion circuit is
applied to the input terminals. Therefore, the input terminals
are components that require distance from other circuits to be
secured.

According to a sixth aspect of the present application, the
power conversion circuit includes a plurality of resistors that
divide a voltage potential between either one of the pair of
input terminals and a ground potential of the low voltage
circuit, and at least part of the plurality of resistors are formed
along at least either of the insulating area in the periphery of
the first area and the edge section.

A potential difference between an operating potential of
the high-voltage circuit and the ground potential of the low-
voltage circuit is applied to the plurality of resistors. As a
result, the plurality of resistors are components to which a
high voltage is applied. Therefore, the plurality of resistors
are components that require distance from other circuits to be
secured.

According to a seventh aspect of the present application,
the insulating area provided in the periphery of the voltage
conversion circuit shares an area with the insulating area
provided in the periphery of another high-voltage circuit.

According to an eighth aspect of the present application,
the insulating area provided in the periphery of the voltage
conversion circuit shares an area with the edge section of the
substrate.

According to a ninth aspect of the present application, the
power conversion circuit includes a member composed of a
high-potential switching element and a low-potential switch-
ing element connected in series. One input terminal of the
voltage conversion circuit is either a terminal of the high-
potential side switching element that is inserted into the sub-
strate and has the same potential as an input terminal of the
switching element or a terminal of the low-potential side
switching element that is inserted into the substrate and has
the same potential as an output terminal of the switching
element.

In an instance in which the switching element is turned ON
and OFF by the potential of an open/close control terminal of
the switching element being operated, the potential uses
either the potential of the input terminal or the potential of the
output terminal of the switching element as reference. There-
fore, the switching element tends to be connected to the
wiring on the substrate such that a terminal having the same
potential as either the input terminal or the output terminal
can be connected to the low voltage circuit. In light of this
point, this terminal is used in the invention according to the
ninth aspect.

According to a tenth aspect of the present application, a
capacitor is connected to the pair of input terminals of the
power conversion circuit. The terminal serving as one input
terminal of the voltage conversion circuit is nearest to the
capacitor, among terminals having the same potential.

According to the tenth aspect, the terminal nearest to the
capacitor is used. As a result, impedance between the capaci-
tor and the voltage conversion circuit can be reduced. There-
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fore, the difference between the input voltage of the voltage
conversion circuit and the voltage of the capacitor can be
favorably reduced.

According to an eleventh aspect of the present application,
the input terminal of the voltage conversion circuit is con-
nected to the substrate by local flow soldering. At least a
portion of at least either of the insulating area in the periphery
of'the first area and the edge section is included in an area in
which disposal of components is prohibited because of the
local flow soldering.

When a component is connected to the substrate by local
flow soldering, an area in which components cannot be dis-
posed is formed in the periphery (prohibited area). According
to the eleventh aspect, this area shares an area with the insu-
lating area and the edge section. Therefore, the proportion of
these areas on the substrate can be reduced.

According to atwelfth aspect ofthe present application, the
voltage conversion circuit includes a plurality of resistors that
divide a voltage potential between either one of the pair of
input terminals and a ground potential of the low voltage
circuit. The resistors connected to each of the pair of input
terminals are disposed in a single row along at least either of
the insulating area in the periphery of the first area and the
edge section, such that resistors on the ground potential side
face each other.

According to a thirteenth aspect of the present application,
the power conversion circuit includes a plurality of serially
connected members, each composed of a high-potential side
switching element and a low-potential side switching ele-
ment. The high-potential side switching elements and the
low-potential side switching elements are disposed in parallel
with each other. The voltage conversion circuit includes a
plurality of resistors for dividing a potential difference
between each potential of a pair of input terminals and a
ground potential of the low-voltage circuit. Groups of a plu-
rality of resistors connected respectively connected to the pair
of input terminals are disposed in parallel with each other
between the row of high-potential side switching elements
and the row of low-potential side switching elements. In
addition, the groups of a plurality of resistors are disposed
such that resistors closer to the ground potential side are
placed nearer to a section in which the low-voltage circuit is
disposed.

An insulating area is required to be included between the
high-potential side switching elements and the low-potential
side switching elements. In addition, due to packaging
restrictions and the like, the distance between the high-poten-
tial side switching elements and the low-potential side
switching elements may be large. Therefore, when the resis-
tors are disposed between the high-potential side switching
elements and the low-potential side switching elements, this
area can be effectively used. In addition, the plurality of
resistors sequentially become closer to the ground potential.
Therefore, when the resistors closer to the ground potential
are disposed nearer to another low-voltage circuit, insulation
between the resistors and the other low-voltage circuit
becomes unnecessary.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a system configuration diagram according to a
first embodiment;

FIG. 2 is a planar view of a semiconductor substrate
according to the first embodiment;
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FIG. 3 is a diagram of a method of connecting a power
device to the semiconductor substrate according to the first
embodiment;

FIG. 4 is a planar view for explaining the effects according
to the first embodiment;

FIG. 5 is a planar view of a semiconductor substrate
according to a second embodiment;

FIG. 6 is a planar view of a semiconductor substrate
according to a third embodiment;

FIG. 7 is a system configuration diagram according to a
fourth embodiment;

FIG. 8 is a planar view of a layout on a semiconductor
substrate according to a fifth embodiment;

FIG. 9 is a planar view of a layout on a semiconductor
substrate according to a sixth embodiment; and

FIG. 10 is a planar view of a layout on a semiconductor
substrate according to a seventh embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

(First Embodiment)

An embodiment in which a drive unit of a power conver-
sion circuit disclosed in the present application is applied to
parallel and series hybrid cars will be described with refer-
ence to the drawings.

The power conversion circuit according to the embodiment
is adapted to a rotary electric machine as an on-board main
equipment (i.e., a primary source of vehicle driving torque).

With reference to FIGS. 1 to 4, the first embodiment
according to the present application is described as follows.

FIG. 1 shows a configuration of the power conversion
circuit according to a first embodiment.

A first motor generator 10a and a second motor generator
105 shown in FIG. 1 are mechanically connected to a drive
wheel and an internal combustion engine by a power divider.
The first motor generator 10a is connected to an inverter IV1.
The second motor generator 105 is connected to an inverter
1V2. Here, the input voltages of the inverters IV1 and IV2 are
the output voltage of a booster converter CV. The boost con-
verter CV boosts the voltage of a high-voltage battery 12 (i.e.,
DC power source). The high-voltage battery 12 has a terminal
voltage that is a high voltage of, for example, 100V or more.
A capacitor C1 is connected to the input terminal of the boost
converter CV. The capacitor C1 suppresses voltage fluctua-
tions.

Each inverter IV1 and 1V2 is configured by three serially
connected members being connected in parallel. Each seri-
ally connected member is composed of a high-potential side
switching element Swp and a low-potential side switching
element Swn. The connection point between the switching
element Swp and the switching element Swn in each serially
connected member is connected to each phase of the respec-
tive first motor generator 10a or second motor generator 105.
In addition, the cathode and the anode of a high-potential side
freewheeling diode FDp is connected between the input ter-
minal and the output terminal (between the collector and the
emitter) of each high-potential side switching element Swp.
The cathode and the anode of a low-potential side freewheel-
ing diode FDn is connected between the input terminal and
the output terminal (between the collector and the emitter) of
each low-potential side switching element Swn. On the other
hand, the boost converter CV includes a serially connected
member, a capacitor C2, and an inductor L. The serially
connected member is composed of a high-potential side
switching element Swp and a low-potential side switching
Swn. The capacitor C2 is connected in parallel to the serially
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connected member. The inductor L connects the connection
point between the high-potential side switching element Swp
and the low-potential side switching Swn with the high-volt-
age battery 12.

The switching elements Sw# (#=p and n) configuring the
above-described inverters IV1 and IV2 and the boost con-
verter CV are all power semiconductors. Specifically, the
switching elements Sw# are insulated gate bipolar transistors
(IGBD).

On the other hand, a microcomputer (microcomputer 40) is
adigital processing means for controlling the controlled vari-
ables of the first motor generator 10a and the second motor
generator 105 by controlling the above-described inverters
IV1 and IV2. In addition, the microcomputer 40 controls the
switching elements Sw# of the boost converter CV, thereby
manipulating the output voltage of the boost converter CV.
Specifically, the microcomputer 40 controls the inverters IV1
and 1V2 and the boost converter CV by outputting operation
signals to each switching element Sw# of the inverters IV1
and IV2 and the boost converter CV via an interface 42. The
interface 42 includes an insulating means, such as a photo-
coupler. Here, the interface 42 includes the insulating means
to insulate between a high-voltage system including the
inverters IV1 and IV2 and the high-voltage battery 12, and a
low-voltage system including the microcomputer 40. The
microcomputer 40 corresponds to the control unit.

The microcomputer 40 monitors the input voltages of the
boost converter CV and the inverters IV1 and IV2 in order to
generate the operation signals. The microcomputer 40 does so
by being provided with differential amplifier circuits 20 and
30. The differential amplifier circuits 20 and 30 convert the
input voltages of the inverters IV1 and IV2 and the boost
converter CV to voltages that can be inputted into an analog-
to-digital converter within the microcomputer 40. The differ-
ential amplifier circuits 20 and 30 with resistors correspond to
the voltage conversion circuit.

Each differential amplifier circuit 20 and 30 provides a
function for converting the potential of a pair of input termi-
nals to a potential at ground reference of the low-voltage
system including the microcomputer 40. A reason for this is
that, according to the embodiment, the reference potential of
the high-voltage system differs from the reference potential
of the low-voltage system. Specifically, potential VN of the
input terminals on the negative-electrode side of the boost
converter CV and the inverters I[V1 and IV2 serving as the
reference potential is lower than the reference potential in the
low-voltage system. A reason for this is that, according to the
first embodiment, the median value of a positive electrode
potential and a negative electrode potential of the capacitor
C1 serves as the reference potential of the low-voltage sys-
tem. This can be actualized by the voltage at both ends of the
capacitor being divided by resistance, and the divided voltage
being used as the reference potential of the low-voltage sys-
tem. The reference potential of the low-voltage system is a
ground potential (vehicle body potential).

The differential amplifier circuit 20 (i.e., first voltage con-
version circuit) is a means for converting the potential differ-
ence between the potential of the input terminals on the posi-
tive-electrode side of the inverters IV1 and IV2 (potential VH
of'terminal TH on the positive-electrode side of the capacitor
C1) and the potential of the input terminals on the negative
electrode side (potential VN of terminal TN on the negative-
electrode side of the capacitor C1). The differential amplifier
circuit 20 includes an operation amplifier 21. Here, the poten-
tial difference between the potential VH of the terminal TH
and the ground potential is divided by a plurality of high-
resistance resistors 23 and a low-resistance resistor 24, and
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subsequently applied to an inverting input terminal of the
operational amplifier 21. In addition, the potential difference
between the potential VN of the terminal TN and the ground
potential is divided by a plurality of high-resistance resistors
25 and a low-resistance resistor 26, and subsequently applied
to a non-inverting input terminal of the operational amplifier
21. The inverting input terminal and the output terminal of the
operational amplifier 21 are connected by a resistor 22.

The differential amplifier circuit 30 (i.e., second voltage
conversion circuit) is a means for converting the potential
difference between the potential of the input terminal on the
positive-electrode side of the boost converter CV (potential
VL of terminal TL on the positive-electrode side of the
capacitor C1) and the potential VN of the terminal TN. The
differential amplifier circuit 30 includes an operational
amplifier 31. Here, the potential difference between the
potential VL of the terminal TL and the ground potential is
divided by a plurality of high-resistance resistors 33 and a
low-resistance resistor 34, and subsequently applied to an
inverting input terminal of the operational amplifier 31. In
addition, the potential difference between the potential VN of
the terminal TN and the ground potential is divided by a
plurality of high-resistance resistors 35 and a low-resistance
resistor 36, and subsequently applied to a non-inverting input
terminal of the operational amplifier 31. The inverting input
terminal and the output terminal of the operational amplifier
31 are connected by a resistor 32.

FIG. 2 shows a substrate (semiconductor substrate 50) on
which the inverters IV1 and 1V2, the boost converter CV, the
differential amplifier circuits 20 and 30, and the like are
mounted according to the first embodiment.

The semiconductor substrate 50 shown in FIG. 2 has both
a high-voltage circuit area HVCA (i.e., first area) and a low-
voltage circuit area LVCA (i.e., second area). A central pro-
cessing unit (CPU 40q) included in the microcomputer 40 and
the differential amplifier circuits 20 and 30 are mounted in
LVCA.

The high-voltage circuit area HVCA is connected to the
inverters IV1 and IV2 and the boost converter CV. Here, in
general, the area on the right-hand side in FIG. 2 is the
low-voltage circuit area LVCA. The area on the left-hand side
is the high-voltage circuitarea HVCA. However, components
configuring both the low voltage system and the high voltage
system, such as a photocoupler, are included within the high-
voltage circuit area HVCA. In addition, transformers 60 and
62 for a flyback converter also composing both the low volt-
age system and the high voltage system are disposed on the
left-hand side in FIG. 2. The flyback converter serves as a
power supply for the drive circuit of each switching element
Swit of the inverters IV1 and IV2 and the boost converter CV.

In FIG. 2, a connector 66 is used to connect the ground of
the low voltage system (body of the vehicle), a power supply
line of a low-voltage battery of which the terminal voltage is,
for example, the voltage ranges from 10V to less 20V, a
controller area network (CAN) communication line, and the
like to a low voltage circuit on the semiconductor substrate
50. The CPU 40a controls the first motor generator 10a and
the second motor generator 106 by receiving, through the
connector 66, torque command values and the like for the first
motor generator 10a and the second motor generator 105
from a high-order electronic control unit (ECU) provided
externally.

As shown in FIG. 3, each switching element Sw# of the
inverters IV1 and IV2 and the boost converter CV is con-
nected to the semiconductor substrate 50 by being inserted
from a back-surface side of the semiconductor substrate 50
(the back surface of the surface shown in FIG. 2). Here, each
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switching element SW# is packaged by being housed in a
power card PWC. The freewheeling diode FD# and a thermo-
sensitive diode SD are also housed in the power card PWC.
However, the freewheeling diode FD# is omitted in FIG. 3.

The power card PWC housing the high-potential side
switching element Swp and the power card PWC housing the
low-potential side switching element Swn have the same
structure.

In both power cards PWC, an open/close control terminal
(gate G), a Kelvin emitter electrode KE, a sense terminal, and
the anode A and the cathode K of the thermo-sensitive diode
SD are each connected to the semiconductor substrate 50 by
being inserted therein. Here, the Kelvin emitter electrode KE
is an electrode having the same potential as the emitter of the
switching element Sw#. The sense terminal SE is a terminal
for outputting a minute current correlated with the current
flowing through the switching element Sw#.

As shown in FIG. 2 described earlier, the switching ele-
ments Sw# configure the high voltage system. Therefore, the
semiconductor substrate 50 is provided with an insulating
area I A to insulate these switching elements Sw# from other
circuits. The insulating area 1A is an area in which circuits
(elements and wiring) are not disposed. Here, the bottom row
in FIG. 2 shows the terminals of the power cards PWC includ-
ing the low-potential side switching elements Swn. The insu-
lating area IA is not provided between these low-potential
side switching elements Swn because the Kelvin emitter elec-
trodes KE corresponding to these low-potential side switch-
ing elements Swn all have the same reference potential (the
potential VN at the terminal TN). Therefore, the drive circuits
that drive these low-potential side switching elements Swn
operate ata predetermined voltage range with this potential as
reference. Here, the operating voltages itself of the constitu-
ent components of these drive circuits are not necessarily
greater than those of the components within the low-voltage
circuit area LVCA. Therefore, the drive circuits of the low-
potential side switching elements Swn that differ from one
another are not necessarily required to be provided with the
insulating area IA on the semiconductor substrate 50.

On the other hand, the top row in FIG. 2 shows the termi-
nals of the power cards PWC that include the high-potential
side switching elements Swp. These high-potential side
switching elements Swp are separated from one another by
the insulating area IA. A reason for this is that the potential of
the Kelvin emitter electrode KE of each high-potential side
switching element Swp significantly varies from one another
depending on whether the corresponding low-potential side
switching element Swn is ON or OFF. Therefore, although
the operating voltages itself of these drive circuits are small,
the drive circuits are required to be insulated from each other.
However, the two power cards PWC on the right end of the
row of high-potential side power cards PWC are not separated
by the insulating area IA. This is in correspondence with the
switching elements Swp of the two power cards PWC form-
ing a pair of switching elements Swp to increase the maxi-
mum value of the output current of the switching element
Swp configuring the boost converter CV. In this instance,
because the pair of switching elements have the same poten-
tial, these switching elements are not required to be separated
by the insulating area [A.

The width of the insulating area 1A is determined based on
requirement under law or from the perspective of preventing
insulation breakdown or the like. For convenience, the draw-
ings only show that the five terminals of the power card PWC
are provided within the area isolated by the insulating area [A.
The constituent components of the drive circuits for turning
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ON and OFF the switching elements Sw# that are connected
to the terminals are omitted in the drawings.

Here, according to the first embodiment, the above-de-
scribed terminals TH, TL, and TN are disposed along the
insulating area IA. The terminals TH, TL, and TN are set in
this manner to improve integration of the semiconductor sub-
strate 50. In other words, because the terminals TH, TL, and
TN configure the high voltage system, they are required to be
separated from the other components. In FIG. 4, an area in
which other components cannot be disposed as a result of the
terminals TH, TL, and TN being disposed is outlined by a
broken line. Integration of the semiconductor substrate 50 can
be improved by this area (i.e., insulating area of the voltage
conversion circuit) sharing the same area as the insulating
area IA (i.e., insulating area of the first area) required as a
result of the power cards PWC and the like being disposed.

In FIG. 2 described earlier, the resistors configuring the
differential amplifier circuit 20 are shown with a solid line and
the differential amplifiers 21 and 31 are shown with a dotted
line because the semiconductor substrate 50 is a double-sided
substrate. The resistors configuring the differential amplifier
circuit 30 are disposed on the front surface (surface as shown
in FIG. 2) of the semiconductor substrate 50. In contrast, the
differential amplifiers 21 and 31 are disposed on the back
surface of the semiconductor substrate 50. The high-resis-
tance resistors 23 and the high-resistance resistors 25 are each
composed of a plurality of resistors to ensure insulation dis-
tance. In other words, if the high-resistance resistor 23 and the
high-resistance resistor 25 are each configured by a single
resistor, sufficient distance is required between both ends.
However, configuring a component meeting this requirement
is difficult. Therefore, the high-resistance resistors 23 and the
high-resistance resistors 25 are each configured by a plurality
of resistors. In addition, space is provided between the termi-
nals TH, TL, and TN to ensure insulation between the termi-
nals TH, TL, and TN.

(Second Embodiment)

A second embodiment will hereinafter be described with
reference to FIG. 5, mainly focusing on differences from the
first embodiment.

FIG. 5 shows the semiconductor substrate 50 according to
the second embodiment. In FIG. 5, components correspond-
ing to the components shown in FIG. 2 are given the same
reference numbers for convenience.

As shown in FIG. 5, according to the second embodiment,
the high-resistance resistors 23 are disposed along the insu-
lating area IA. The high-resistance resistors 25 are disposed
along the high-resistance resistors 23. Furthermore, accord-
ing to the second embodiment, the terminals TH, TL,, and TH
are disposed along an edge section 50a of the semiconductor
substrate 50 (i.e., belt-shape section covering a periphery of
the semiconductor substrate 50). Here, the edge section of the
semiconductor substrate 50 is an area in which components
cannot ordinarily be disposed (shown in FIG. 5§ as an area
lighter in color than the insulating area IA). On the other hand,
components cannot be disposed in the periphery of the termi-
nals TH, TL, and TN either. Therefore, integration of the
semiconductor substrate 50 can be improved by the insulating
area provided in the periphery of the terminals TH, TL, and
TN to insulate these terminals sharing the same area as the
area in which components cannot be disposed in the edge
section 504 of the semiconductor substrate 50.

(Third Embodiment)

A third embodiment will hereinafter be described with
reference to FIG. 6, mainly focusing on differences from the
first embodiment.
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FIG. 6 shows the semiconductor substrate 50 according to
the third embodiment. In FIG. 6, components corresponding
to the components shown in FIG. 2 are given the same refer-
ence numbers for convenience.

According to the third embodiment, the terminals TH, TL,
and TN are disposed along the insulating area. The high-
resistance resistors 23 are disposed along the edge section of
the semiconductor substrate S0.

(Fourth Embodiment)

A fourth embodiment will hereinafter be described with
reference to FIG. 7, mainly focusing on differences from the
first embodiment.

FIG. 7 shows a system configuration according to the
fourth embodiment. In FIG. 7, components corresponding to
the components shown in FIG. 1 are given the same reference
numbers for convenience.

According to the fourth embodiment, the negative-elec-
trode side input terminals of the differential amplifier circuits
20 and 30 are substituted by the Kelvin emitter electrodes KE
of'the low-potential side switching elements Swn. In particu-
lar, according to the fourth embodiment, the negative-elec-
trode side input terminal of the differential amplifier circuit
20 is substituted by the Kelvin emitter electrode KE of the
switching element Swn nearest to the capacitor C2. The nega-
tive-electrode side input terminal of the differential amplifier
circuit 30 is substituted by the Kelvin emitter electrode KE of
the switching element Swn nearest to the capacitor C1.
(Fifth Embodiment)

A fifth embodiment will hereinafter be described with ref-
erence to FIG. 8, mainly focusing on differences from the first
embodiment.

FIG. 8 shows a portion of the semiconductor substrate 50
according to the fifth embodiment. In FIG. 8, components
corresponding to the components shown in FIG. 2 are given
the same reference numbers for convenience.

According to the fifth embodiment, the terminals TH, TL,
and TN are connected to the semiconductor substrate 50 by
local flow soldering 80. Here, after a small-scale component,
such as the CPU 40a, is connected to the semiconductor
substrate 50 by a reflow-type automatic soldering process or
the like, the local flow soldering 80 is used to connect a
relatively large-scale component to the semiconductor sub-
strate 50. Specifically, the local flow soldering 80 is per-
formed by immersing a connection area in molten solder after
the semiconductor substrate 50 is preheated. For reasons such
as disposal of a palette to protect peripheral components, an
area in which components cannot be disposed is formed in the
periphery of the local flow soldering 80. The area is outlined
by broken lines in FIG. 8. According to the fifth embodiment,
integration of the semiconductor substrate 50 can be
improved by this area sharing the same area as the insulating
area [A.

In addition, the high-resistance resistors 25 are disposed
along the area outlined by the broken line in FIG. 8. As a
result, integration of the semiconductor substrate 50 can be
further improved. The high-resistance resistors 23 are dis-
posed along the insulating area [A.

(Sixth Embodiment)

A sixth embodiment will hereinafter be described with
reference to FIG. 9, mainly focusing on differences from the
first embodiment.

FIG. 9 shows a portion of the semiconductor substrate 50
according to the sixth embodiment. In FIG. 9, components
corresponding to the components shown in FIG. 2 are given
the same reference numbers for convenience.

According to the sixth embodiment, when the high-resis-
tance resistors 23 and the high-resistance resistors 25 are
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disposed along the insulating area 1A, the high-resistance
resistor 23 and the high-resistance resistor 25 are disposed
nearer to each other, the closer the high-resistance resistor 23
and the high-resistance resistor 25 are to the ground potential.
(Seventh Embodiment)

A seventh embodiment will hereinafter be described with
reference to FIG. 10, mainly focusing on differences from the
first embodiment.

FIG. 10 shows a portion of the semiconductor substrate 50
according to the seventh embodiment. In FIG. 10, compo-
nents corresponding to the components shown in FIG. 2 are
given the same reference numbers for convenience.

As shown in FIG. 10, according to the seventh embodi-
ment, the high-resistance resistors 23 and 25 are disposed in
an area sandwiched by an upper arm and a lower arm. This
configuration effectively uses an area inevitably formed by
the package shape of the power cards PWC of the upper arm
and the power cards PWC of the lower arm. In other words, as
shown in FIG. 3, an open area is formed between the section
in which the five terminals of the power card PWC of the
upper arm are inserted and the section in which the five
terminals of the power card PWC of the lower arm are
inserted. Therefore, this area is used.

More specifically, the high-resistance resistors 23 and the
high-resistance resistors 25 are each disposed in a single row
in parallel with the row in the upper arm and the row in the
lower arm. The high-resistance resistor 23 and the high-re-
sistance resistor 25 are placed nearer to the low-voltage cir-
cuit area LVCA, the closer the high-resistance resistor 23 and
the high-resistance resistor 25 are to the ground potential. As
a result, the tip of the high-resistance resistors 23 and the tip
of the high-resistance resistors 25 can be placed near the
operational amplifier 21.

The terminals TH, TL and TN are disposed in an area
sandwiched by the upper arm and the lower arm, on the
opposite end of the high-resistance resistors 23 and 25 from
the low-voltage circuit area LVCA.

(Other Embodiments)

Each of the above-described embodiments may be modi-
fied as follows.

[Regarding Voltage Detection Circuit]

For example, when the reference potential of the high
voltage system is matched with the ground potential of the
low voltage system, voltage division by the high-resistance
resistors 25 and the low-resistance resistor 26 of the differen-
tial amplifier circuit 20, and by the high-resistance resistors
35 and the low-resistance resistor 36 of the differential ampli-
fier circuit 30 are not required.

The configuration is not limited to that including the dif-
ferential amplifier circuits 20 and 30. For example, the volt-
ages so between the pairs of input terminals of the operational
amplifiers 21 and 31 in FIG. 1 may be directly inputted into
the microcomputer 40. Alternatively, for example, when the
reference potential ofthe high voltage system is matched with
the ground potential of the low voltage system, a means for
directly outputting the voltage divided by the high-resistance
resistors 23 and the low-resistance resistor 24 to the micro-
computer 40 may be provided.

[Regarding Power Conversion Circuit]

The power conversion circuit is not limited to that com-
posed of the pair of inverters IV1 and IV2 and the boost
converter CV. For example, the boost converter CV may be
eliminated. Alternatively, for example, when only a single
rotating machine is provided, a power conversion circuit
including only a single DC-AC (direct current to alternating
current) conversion circuit (inverter) is also possible.
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[Regarding Input Terminal of Voltage Detection Circuit]

The negative terminal of the capacitor C2 may be used
instead of the negative terminal of the capacitor C1. In addi-
tion, the pair of terminals of the high-voltage battery 12 may
be used instead of the terminals of the capacitor C1.

[Regarding Reference Potential of High Voltage System
and Ground Potential of Low Voltage System|

The reference potential of the high voltage system and the
ground potential of the low voltage system are not limited to
those according to the above-described embodiments. For
example, the positive electrode potential of the high-voltage
battery 12 may serve as the ground potential of the low
voltage system. In addition, that described under [Regarding
voltage detection circuit] may be applied.

[Regarding Power Conversion Circuit]

The DC-AC conversion circuit is not limited to that con-
nected to a rotating machine mechanically connected to a
drive wheel. For example, the DC-AC conversion circuit may
be that connected to a rotating machine installed in a com-
pressor of an air-conditioning unit that directly uses the high-
voltage battery 12 as the power supply. In addition, when an
inverter for the compressor and an inverter for a main mecha-
nism are connected in parallel to the high-voltage battery 12,
a detection result of the voltage of the input terminal of the
inverter for the compressor may be transmitted to an operat-
ing means of the inverter for a main mechanism. In this
instance, if the substrate of the inverter for a main mechanism
is separate from the substrate of the inverter for the compres-
sor, the detection result is transmitted from the substrate of the
inverter for the compressor to the substrate of the inverter for
a main mechanism.

In addition, the power conversion circuit may be a direct
current-to-direct current converter that drops the voltage of
the high-voltage battery 12 and outputs the voltage to a bat-
tery within the low voltage system.

[Regarding Means for Operating Power Conversion Cir-
cuit]

A means for operating the power conversion circuit is not
limited to that provided on the semiconductor substrate 50.
For example, the means for operating the power conversion
circuit may receive, through the connector 66, the detection
result of the input voltage from a circuit on the semiconductor
substrate 50.

[Regarding High-Potential Side and Low-Potential Side
Switching Flements]

The switching elements are not limited to IGBT and may,
for example, be field effect transistors, such as power metal-
oxide-semiconductor (MOS) field-effect transistors. Here,
the field effect transistors are not limited to N-channel field
effect transistors, and may be P-channel field effect transis-
tors. However, in this instance, in the power conversion appa-
ratus according to the above-described fourth embodiment,
the input terminal (source terminal) of the switching element
is preferably used as the input terminal of the differential
amplifier circuit.

[Other]

The boost converter CV may be provided between the
inverter IV1 and the inverter IV2. In this instance, either of the
inverter IV1 and the inverter IV2 becomes nearer to the
capacitor C2 than the switching element Sw# of the boost
converter CV. However, the other becomes nearer to the
switching element Sw# than the capacitor C2 of the boost
converter CV.

In the power conversion apparatus according to the above-
described fourth embodiment, the Kelvin emitter electrode
KE serving as the input terminal of the differential amplifier
circuit is not limited to that of the nearest switching element.
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The hybrid car is not limited to parallel and series hybrid
cars. In addition, the vehicle is not limited to hybrid cars and
may be, for example, electric vehicles, fuel-cell powered
vehicles, and the like that do not include an internal combus-
tion engine as a means for generating driving energy of an
on-board main equipment.

What is claimed is:

1. A power conversion apparatus comprising:

a high-voltage circuit having a power conversion circuit
that converts an input voltage of the power conversion
circuit to a predetermined output voltage;

a low-voltage circuit including a control unit that controls
the power conversion circuit, the low-voltage circuit
operating with an operating voltage lower than an oper-
ating voltage of the high-voltage circuit;

avoltage conversion circuit that converts the input voltage
of the power conversion circuit to be a voltage having a
voltage range capable of operating by the control unit,
the voltage conversion circuit being provided with a first
insulating area in a periphery thereof; and

asubstrate provided with a first area where at least a portion
of the high-voltage circuit is formed thereon, a second
area where at least a portion of the low-voltage circuit is
formed thereon, an edge section covering a periphery of
the substrate, and a second insulating area in a periphery
of'the first area, the substrate having two surfaces and the
first area, the second area and the low voltage circuit are
formed on an identical one surface in the two surfaces of
the substrate,

wherein the high-voltage circuit, the low-voltage circuit
and voltage conversion circuit are formed on the identi-
cal one surface, and

the first insulating area shares an area with at least either of
the second insulating area or the edge section of the
substrate.

2. The power conversion apparatus according to claim 1,
wherein the power conversion circuit is electrically con-
nected to a rotary electric machine serving as a primary
source of vehicle driving torque.

3. The power conversion apparatus according to claim 1,
wherein the high-voltage circuit and the low-voltage circuit
communicate with each other via an insulating means.

4. The power conversion apparatus according to claim 2,
wherein the high-voltage circuit and the low-voltage circuit
communicate with each other via an insulating means.

5. The power conversion apparatus according to claim 1,
wherein

a pair of input terminals of the voltage conversion circuit
are formed on the substrate, the pair of input terminals
being formed along at least either of the second insulat-
ing area in the periphery of the first area and the edge
section.

6. The power conversion apparatus according to claim 2,

wherein

a pair of input terminals of the voltage conversion circuit
are formed on the substrate, the pair of input terminals
being formed along at least either of the second insulat-
ing area in the periphery of the first area and the edge
section.

7. The power conversion apparatus according to claim 3,

wherein

a pair of input terminals of the voltage conversion circuit
are formed on the substrate, the pair of input terminals
being formed along at least either of the second insulat-
ing area in the periphery of the first area and the edge
section.
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8. The power conversion apparatus according to claim 1,
wherein

the power conversion circuit includes:

aboost circuit that boosts voltage ata DC power source and

outputs a boosted voltage; and

a DC-AC conversion circuit electrically connected

between the boost circuit and a rotary electric machine,
converting the boosted voltage to an AC voltage,

the voltage conversion circuit includes:

a first voltage conversion circuit that converts the boosted

voltage; and

a second voltage conversion circuit that converts the volt-

age at the DC power source,

an input terminal having higher potential between the pair

of input terminals of the first voltage conversion circuit
and an input terminal having higher potential between
the pair of input terminals of the second voltage conver-
sion circuit are formed along at least either of the second
insulating area in the periphery of the first area and the
edge section.

9. The power conversion apparatus according to claim 1,
wherein

the voltage conversion circuit includes a plurality of resis-

tors that divide a voltage potential between either one of
the pair of input terminals and a ground potential of the
low voltage circuit, and at least part of the plurality of
resistors are formed along at least either of the second
insulating area in the periphery of the first area and the
edge section.

10. The power conversion apparatus according to claim 1,
wherein the first insulating area provided in the periphery of
the voltage conversion circuit shares an area with the first
insulating area provided in the periphery of another high-
voltage circuit.

11. The power conversion apparatus according to claim 1,
wherein the first insulating area provided in the periphery of
the voltage conversion circuit shares an area with the edge
section of the substrate.

12. The power conversion apparatus according to claim 1,
wherein

the power conversion circuit includes a member composed

of a high-potential switching element and a low-poten-
tial switching element connected in series,

one input terminal of the voltage conversion circuit is either

aterminal of the high-potential switching element that is
inserted into the substrate and has the same potential as
an input terminal of the high-potential switching ele-
ment or a terminal of the low-potential switching ele-
ment that is inserted into the substrate and has the same
potential as an output terminal of the low-potential
switching element.

13. The power conversion apparatus according to claim 9,
wherein

the power conversion circuit includes a serially connected

member composed of a high-potential switching ele-
ment and a low-potential switching element,

one input terminal of the voltage conversion circuit is either

aterminal of the high-potential switching element that is
inserted into the substrate and has the same potential as
an input terminal of the high-potential switching ele-
ment or a terminal of the low-potential switching ele-
ment that is inserted into the substrate and has the same
potential as an output terminal of the low-potential
switching element.

14. The power conversion apparatus according to claim 12,
wherein
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a capacitor is connected to the pair of input terminals of the
power conversion circuit, the terminal serving as one
input terminal of the voltage conversion circuit is nearest
to the capacitor, among terminals having the same
potential.

15. The power conversion apparatus according to claim 1,

wherein

the input terminal of the voltage conversion circuit is con-
nected to the substrate by local flow soldering, and at
least a portion of at least either of the second insulating
area in the periphery of the first area and the edge section
is included in an area in which disposal of components is
prohibited because of the local flow soldering.

16. The power conversion apparatus according to claim 1,

wherein

the voltage conversion circuit includes a plurality of resis-
tors that divide a voltage potential between either one of
the pair of input terminals and a ground potential of the
low voltage circuit, the resistors connected to each of the
pair of input terminals are disposed in a single row along
at least either of the second insulating area in the periph-
ery of the first area and the edge section, such that
resistors on the ground potential side face each other.

16

17. The power conversion apparatus according to claim 1,
wherein

the power conversion circuit includes a plurality of serially
connected members, each composed of a high-potential
switching element and a low-potential switching ele-
ment, the high-potential switching elements and the
low-potential switching elements are disposed in paral-
lel with each other,

the voltage conversion circuit includes a plurality of resis-
tors that divide a voltage potential between each poten-
tial of a pair of input terminals and a ground potential of
the low-voltage circuit,

groups of a plurality of resistors connected respectively
connected to the pair of input terminals are disposed in
parallel with each other between the row of high-poten-
tial switching elements and the row of low-potential
switching elements, and the groups of a plurality of
resistors are disposed such that resistors closer to the
ground potential are placed nearer to a section in which
the low-voltage circuit is disposed.
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